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T H E  OCCURRENCE OF HAIL 

for more specific data on the occurrence of hail in the United States, 
of this R E ~ W  the publication of reports on the occurrence of hail- 

storms as observed observers, numbering approximately 5,200. Cooperative observers 
report directly to char e of the several section centers and. theae officials in turn trans- 
mit the reports to the Central Office in Waqhington, B. C. The reports are incorporated in the table which hitherto 
has borne the title “Severe Local Storms.” That table will he found on pages 324-325 of this REVIEW, and it d l  
appear in approximately the same position hereafter. 

ON A S I M P L E  M E T H O D  OF RECORDlNQ T H E  TOTAL A N D  PARTIAL INTENSITIES OF SOLAR RADIATION 

5-5/@ 6 0  8.  ‘2 By LADISLAUS G O R C Z Y ~ S R I ,  D. Bc. 
(Washington, June 14. ISH) 

. Synopsis.-A simple form of recording p rhelioineter is obtained 
from the combination of a thermopile o l t h e  Moll type with a 
recording voltmeter of the Richard type. The large-aurface 
thermopile is compoaed of 80 elements made from thin strips of 
manganin and constaptan, which are placed in a circle nearly 2 cm. 
in diameter. These strips can be exposed to radiation over their 
whole length. 

The thermopile is queetion affords a high degree of stability 
‘ (absence of zero errors) and sensitivity, together with great quick- 
ness in action, namely, the time elapsing between the admission of 
radiation and the moment at which the full electro-motive force is 
reached, is less than two seconde. The radiation from a candle 
at one meter distance yields about 90 microvolts. 

Other details and some historical data are given. 
With a recording voltmeter (Richard type) the large-surface 

thermopile, properly diaphragmed and equatorially mounted 
(clock driven), gives a new form of thermoelectric pyrheliometer, 
very rugged, and simple in use even for inexperienced observers. 
A solar radiation intensity of one gralu-calory per minute per square 
centimeter of surface normal to the incident rays develops a current 
having an electromotive force of about 16 millivolts; this voltage 
is very nearly proportioiial to the intensity of the solar radiation SO 
that the pyrheliometric records can be directly calibrated in grain- 
calories/cm.9/min. 

An illustration of the new pyrehelionieter is given, with threc 
eample recorda from measurements made by the author in the 
Desert of &liars. The method of obtaining the partial intensities 
by the use of colored glasses and liquid light filters is also indicated. 

THERMOELECTRIC METEOD OF MEASURING RADIATION. 

Independent of the ordinary thermometric method, the 
endeavors to apply the thermoelectric current to measure- 
ments of radation date back several years. Special 
attention may be called to the old thermoelectric yrheli- 
ometer constructed by Professor &ova and use fa t  the 
University of Montpellier, France, in 1590. Among 
other forms we note especially the instrument of FBry, 
constructed in the be innin of the twentieth century. 
The difficulties met wit in t e application of thermopiles 
for measuring radiation are principally the following: 

(1) Cbnsfuncy of the zem-The thermopile must be 
free from zero errors. 

(2) &uickncss in, actaon.-The ordinary thermopile is a 
rather slow instrument; when exposed to radiation a con- 
stant temperature wi l l  be obtained only after a consider- 
able time; for instance, even in the best Rubens thermo- 
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pile more than 15 seconds elapse before the full electro- 
motive force caused by constant radiation is reached. 

(3) High sensiti.vity.--l’he sensitivity is general1 not 
great enough to make possible the.use of the or&ary 
millivol tmetcrs instead of the delicate mirror-gdvan- 
omet.ers with the photographic recording. However, 
when great sensibilit has been obtained, it has been a t  
the ex ense of speed 

(4) h q p d  form qf construction.-The existing thermo- 
piles were not sufficiently rugged for the comparatively 
rough handling the would meet with in practice for 
permanent solar ra (ip iation measurements. 

ears of 
two distmguished ph icists, excellent thermop iT es have 
been constructed, w f ich may be considered to have 
overcome generally the difficulties in the application of 
the thermoelectric methods to continuous measurements 
of solar radiation. 

In consequence of these develo men&, on the one 
hand by Doctor Coblentz, of the 8nited States Bureau 
of Standards, at Washingt.on, and, on the other by 
Dr. W. J. Moll, lecturer on physics a t  the Univemity 
of Utrecht, new forms of thermoelectric pyrheliometers 
have recently been constructed. To this group of recent 
instruments, based on the use of the new American 
thermopile, belongs the excellent thermoelectric p 
heliometer constructed at Washington by Prof. H. g: 
Kimball and Mr. H. E. Hobbs. On the other hand, 
on the basis of Doctor Moll’s thermopile, a new form of 
thermoelectric recording pyrheliometer has recently been 
constructed in Europe and was used during my recent 
actinometric campaign in the Sahara Desert. I give 
below a short description of this recording pyrheliometer, 
which is free from zero error, quick in action, very rugged 
in construction, and easily worked. 

It seems that in the future only the simple thermo- 
electric method will be in current use, with the restric- 
tion, of course, that for control purposes special standard 
instruments (as for instance the water-flow pyrhelio- 
meter of Doctor Abbot) must always be recommended in 
view of the necessity of controlling and comparing solar 
radiation measurementa. 

Through the independent efforts in recent 
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THE PRINCIPAL CHABACTEBIBTIOB OF DOCTOR MOLL'S 
THEBMOPILES 

Ths psnmount object in the construction of t.hese 
thbnmopilea is to minimize t-he heat capacity of the 
active junctions and to give a maximum value to the 
pesaive onea. 
The elements from which these thermopiles are made 

(v8 extremely thin strips of manganin and constantan, 
soldered a t  a and e to copper bars (fi 1.) These stri s 
can be ex osed to radiation over t k eir entire lengt Tl . 
the mall capacity of the junction b, causes practically 
au instantaneous equilibrium of temperature in any 
case in leas than two seconds. 

The combination manganin-constantan, with a thermo- 
electric power of about 41 microvolt8 er 1' C., has been 
chosen chiefl on account of the hig l! elastic quality of 
the two met t i  s, which are soldered end to end and rolled 
out to the thinness of about 0.005 mm. Of im ortmce 
also is the durability of the metals, which neitler rust 

nor corrode and also the 
C fact that both manganin 

and constantan have a re- 
sistance which is independ- 
ent of changes of temper- 
ature. 

Figure 2 is a sketch of 
the inner part of Moll's 
thermo ile, A is a thick 

tened copper ins B have 
been clampex A v e r y  
thin coating of lacquer 
forms an insulating layer 
between these pins and 
t h e  plate. The thermo- 
elements, soldered on top 
of the pins, consist of black- 
ened metal strips of only 

about 5p (0.005 mm.) in thickness. 
All this is sufficient for obtaining both quickness in 

action and constancy of zero. It is also an important 
advantage of this construction that the temperature 
variations do not affect the thermo-electromotive force. 
An additional advantap is that it is not necessary to 
screen off the passive junctions; the elements can be 
exposed to rahation along their full length. Such ele- 
ments may be combined for building up a linear, just as 
well as a surface, thermopile. 

The largesurface thermopile especially adaptec! for 
ordinary measurements of solar radiation intensity, is 
composed of 80 elements, arranged in three rows and 
placed in a circle nearly 2 cm. in diameter (fig. 3). The 
pile, with a resistance of about 45 ohms, is mounted in a 
solid cylinder which is closed at one end by an ebonite 
late with two terminals; and at the other end by a 

{eavy brass lid, into which a protecting window is fiued. 
Instead of a rock-salt or ordinary glass window, a 

plate of fluorite is now used, which transmits all kinds of 
ra s almost without absorption. 

h e  largesurface thermopile of the Moll system gives 
about 90 microvolts from a candle at one meter distance. 
The micro-thermopile of 18 elements (suitable for spectral 
invest' ations when su plied with a special screen with 
a slit 3 variable widthf ves about 25 microvolts under 
the same conditions. &th thermopiles are free from 
zero errors and combine in an exceptionally rugged form 

The good ?l eat conduction between the junctions, and 

brass p P ate, in which flat- 

OlO. l.-Ebmcnt al Moll thermopile. 

the two pro erties of great quickness in action with 
relatively hig 1 sensitivity. 

TEE NEW "EERMOELECTRIC PYRHELIOMETER 

It follows from the above that the application of the 
large Moll thermo ile for measuring solar radiation 

are used) but also ermits of reaching the h a  P r  v uea 
almost instantly. %e solution of the problem of direct 
and simple recording of the consecutive values of solar 
radiation intensity, even with the true and quick vari- 
ations in the corresponding radiation (so frequent es- 
pecially with cloudy sky) can now be considered as 
attained, and in a form convenient for eneral use. 

The choice of an ap ropriate millivo K tmeter for direct 

important question chiefly from the practical point of 
view. The millivoltmeter must not alter the ood 
conditions of sensitivity and quickness of the b o l l  
thermopile; on the other hand, it is hi My desirable 

of simple construction such as the well-known types of 
Richard's recording instruments. 

It is true that the improvement of many details 
necessitates-chiefly in electrical recording instruments 
such as millivol tmeters-a certain comphca tion of the 
construction, as seen in certain new forms of recording 
voltmeters recently constructed in Europe and in the 
United States. But, on the other hand, it seems that 
the simplest form of these instruments is preferable 
for current use in solar radiation measurements, because 
the are suitable even for the less experienced observers. 

&e recording millivoltmeter of Richard, which I 
have chosen for use with the thermopile of the Moll 
system, is regularly built for ordinary industrial pur- 

It has a resistance of 645 ohms and was used 
ft:egy radiation measurements with two sensibilities 
(0-20 and 0-40 millivolts) ; the clock has two movements; 
24 hours and. 52 minutes for a complete rerolution 
around the ams. The use of the 24-hour clock allows 
the observer to keep the instrument in action during the 
entire day without the necessity of changing the record 
sheet during this time. 

For the maintenance of the thermopile in a position 
permanent1 vertical to the solar rays, an equatorially- 

circle serves for the adjustment to the geographical 
latitude, and a level for the horizontal adjustment. 
For a quick north-south orientation of the instrument 
a magnetic needle can also be used. 

Figure 4 represents a general view of the thermoelec- 
tric recording pyrheliometer and the diaphragmed 
thermopile equatorially mounted. Instead of a suspen- 
sion m t h  counterwei ht, the thermopile ma 

for a small adjustment in order to fo low the variations 
in the declination of the sun. This must he effected 
from time to time according to the season. 

ives not only a re Y atively high thermoelectric current 7 exceeding sometimes 30 millivolts even when dia hra 

readings. and especi ap ly for autoniatic records, is an 

that the recording millivoltmeter especia ? ly should be 

mounted cock-driven P arrangement is used. A special 

i he in- stalled directly on the c 7 ock-axis, with rovision, owever, Y 
SOME PYRHELIOMETRIC BECORDS OF THE TOTAL AND 

PABTIAL INTENSITIEB OF SOLAR RADIAT7ON 

Without entering into the details which concern more 
especially ph ical problems, we note that the voltage of 

current generated in the thermopile the thermoeectric 7 



. W. R., June, 1924 

IG. %.-Interior view of Moll tbrmoDile 

\ 

(To face p .  30( 

Fro. 3.-Larce-surface Moll thermooile 

L 

Eo. 4 . 4 e n e r s l  view of recording pyrheliometer 



(To face p. 301) M. W. I?., June, 1924 

FIG. 5.-Pprheliometer records obtained in the Desert of Sahara 
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when ex to the solar rays can be considered as 
pr act i c v  proportional to the radiation intensity. This 
simple re ation enables us to convert directly into gram 
calories per 0m.l er minute the values shown by a milli- 
voltmeter. For Ls conversion it is necessary previously 
to obtain the reduction factor for the thermopile used 
with the corm onding diaphragms; this coefficient can 
be found either ET comparisons with a standard pyrhelio- 
meter or by abso ute determinations. 

of one 

the current generated by the large diaphragmed Moll 
thermopile has a voltago of about 16 millivolts. Besides 
the thermopile, the millivoltmeters must also be cali- 
brated in order to determine the value of the current 
indicated by the position of the needle on the diagram. 
This is done by successively assing currents of 0 to 40 

records, 
of 1924 in North 
Desert of Sahara. 
only a part of each 

We note that with a solar radiation intensit 
gram-calory per minute per square centimeter o 9 surface, 

millivolts through the millivo P tmeter coils. 

frequent passages of clouds the new recordhi 

characteristic for the prevalent type of clouds, owing to 
the quick action of the thermopile. From these records 
the total amount of radiation, the diurnal march, and 

meter permit5 the obtaining of good pyr h eiograms, P yrhe'io- 

(2) The red glass (Jena F. 4512, thickness 3.95 mm), 
with a transmiasion up to 84 per cent between 0.8 and 
2.5p, and opaque below 0 . 5 5 ~  and for the wave-lengths 
greater than 4 . 0 ~ .  

(3) The ellow filters pre ared b Doctor Moll from 
5.16 gr. & ?i 0, in 100 gr. &O. '&is liquid filter, in a 
cell 11 mm. thick, transmitg up to 98 per cent between 
0.7 and 1 .2~ ,  decreasing to 0 per cent for 1 .5~ .  

(4) The blue mter of 30 gr. CuW, in 100 gr. H,O; it 
transmits besides. short wave-lengths also the radiation 
of long wave-le ths be inning at  1 . 8 ~ .  

The use of the Y d  ight- ters enables us to stud , besides 
the variation of the total intensity, the diurndchangea 
of the partial intensities of solar radiation. The follow- 
ing extract from the measurements made in the spring of 
1924 in the Desert of Sahara, shows some intert+qg 
changes in the percentages of the partial intensities in 
relation to the total intensity of solar radiation. 

Oasis of Touggourt, March 98, lo94 

(Time: Between 5:52 a. m. and 7:M a. m.) 

Total radL 
atlon In- 
(gram-eal./ 
mn'lmin.) 

S o h  zenith distnnm tcmslty 

I-- . 

Pentsntagea 

1-1- -- 
67 19 9 
6¶ 10 

M 
M 1T 

We see here the characteristic decrease from sunrise 

and at  the same time the consecutive increase of t r e 
to noon in the proportion of the red and infra-red ra 

partial intensity of the solar spectrum. 

CONCLUBION 

Broin the considerations indicated above, it follows that 
the new form of recording thermoelectric pprheliometer 
possesses in high degree the desired qualifications, namely, 
quickness of action, eat sensitivity, and absenc.e of zero 

tliermo ile, the simplicit of the whole instrument, and 

pyrheliometer very easy for current use, not only by the 
meteorological observatories but also by less experienced 
observers at ordinary metcorolo ical stations. The re- 
sults, already obtained in the 'fesert regions of North 
-4frica and in the plains of Europe, as well as comparisons 
just made between this instrument and the Marvin and 
the 'Smithsonian pyrheliometers at  Washin ton, D. C., 
show its convenience, and the practical a % aptation of 
the measurements obtained with the new recording 
pyrheliometer in the different climates. 

error. On the other T and, the rugged construction of the 

espcci a i  y of the -recor dr ing voltmeter, make the new 


